Recurrent corneal erosions (RCE) are common. They are characterised by repeated episodes of pain, difficulty in opening the eyes, watering, and photophobia resulting from poor epithelial adhesion. In the majority of patients with RCE, trauma is the initiating factor. Epithelial, stromal, and endothelial corneal dystrophies have all been described in association with RCE. Other causes that may lead to RCE include chemical and thermal injuries, previous herpetic keratitis, meibomian gland dysfunction, ocular rosacea, diabetes mellitus, Salzmann's nodular degeneration, band keratopathy, previous bacterial ulceration, kerato-conjunctivitis sicca, and epidermolysis bullosa. The conditions that are associated with RCE can be either primary or secondary depending on whether the basement membrane complex abnormality is intrinsic or acquired. Primary types tend to be bilateral, symmetrical and develop in multiple corneal locations. The pathogenetic mechanism of this disorder is related to poor adhesion of the corneal epithelium to the underlying stroma. Excessive matrix metalloproteinase (MMP) activity may play a role in the pathogenesis. Although the majority of patients will respond to simple measures such as padding and antibiotic ointment, RCE resistant to simple measures require approaches that are more elaborate. The common goal of these approaches is to encourage proper formation of adhesion complexes between the epithelium and the stroma. The use of longterm contact lenses, autologous serum eye drops, botulinum toxin, induced ptosis, oral MMP inhibitors, diamond burr polishing of Bowman's membrane have been reported with varying degree of success in treating RCE. Anterior stromal puncture with insulin needles or Neodymium : aluminium-yttriumgarnet may enhance the epithelial adhesion to the basement membrane by scar formation and success rates of up to 80% have been reported in the treatment of recalcitrant RCE. Excimer laser photo-therapeutic keratectomy (PTK) is now a well-established treatment modality for RCE and is being used both safely and effectively. Partial ablation of Bowman's layer with PTK gives a smooth surface for the newly generating epithelium to migrate and form adhesion complexes. The pathogenesis, clinical features, and management options of this common disorder are discussed in this review article.
Introduction
Traumatic and spontaneous corneal epithelial erosions are common. While most epithelial erosions heal without any sequelae, a small proportion of these recur spontaneously. 1 Recurrent corneal erosion is characterised by episodes of pain, redness, photophobia, and tearing. This clinical entity was first described by Hansen in 1872 and was termed 'intermittent neuralgic vascular keratitis'. Diverse factors have been attributed to the pathogenetic mechanisms, and not surprisingly, a variety of therapeutic approaches have been advocated. The aim of the article is to review current theories on the pathogenesis and management of this common disorder.
Aetiology
The majority of patients presenting with recurrent corneal erosions (RCE) give a history of trauma. This can be trivial such as a glancing blow from a fingernail, leaf of a tree, or even the edge of a piece of paper. 2 It is a common misconception that abrasions caused by finger nails, particularly that by a baby's, are more likely to progress to RCE. 1, 3, 4 When RCE presents without obvious trauma, an underlying factor should be suspected. Epithelial, stromal, and endothelial corneal dystrophies have all been described in association with RCE. 5 Table 1 lists other causes conditions associated with RCE. 2, [6] [7] [8] [9] The conditions that are associated with RCE can be classified as either primary or secondary depending on whether the BM complex abnormality is intrinsic or acquired (Table 1) . Primary types tend to be bilateral, symmetrical and develop into multiple corneal locations.
Clinical features
Symptoms of pain, redness, photophobia, and tearing, typically occur on waking and may be related to rapid eye movements during sleep [10] [11] [12] or rapid opening of the eyelids. Delayed epithelialisation, persistent sloughing of the newly formed epithelium, and recurrent episodes of epithelial loss are common problems. The duration of symptoms may vary depending on the type of erosion. Corneal infiltrates may develop at the site of corneal erosions. 13 The incidence of recurrence was shown to be 1 : 150 cases following traumatic abrasion. 1 Chandler 4 , in 1945, divided the syndrome of RCE into macroform and microform types (Table 2 ). Microform erosions are less severe, last for hours, but occur more frequently; sometimes every night or morning. 6 Macroform erosions, however, persist for several days (1-21 days). 12 With microform erosions, the epithelial breakdown is small compared to macroform erosions, where the break is larger with surrounding loosely adherent epithelium. Microform erosions may be spontaneous and are associated with epithelial basement membrane dystrophy (EBMD), unlike macroform erosions that are traumatic in origin. 10 ( Figure 1 ). The appearance of the affected cornea varies from loosely adherent and elevated epithelium, epithelial microcysts, or corneal epithelial defects, to stromal infiltrates and opacities. 3, 14, 15 The majority of acute corneal erosions occur within the lower half of the cornea, irrespective of the aetiology. 2 It has been suggested that recurrences occur in close proximity to the Hudson-Stahli line. 16 In moderate and large-sized erosions involving the central cornea, the last area to re-epithelialise is in the midline below the horizontal meridian. This is because the centripetally moving Eye convex fronts of healing epithelium meet at the apex, and the integration of different fronts of basement membrane takes longest at this point, thus predisposing it to subsequent breakdown. 17 Other factors such as upper lid movement across the ocular surface and local tear film drying are also most likely to disrupt the surface at this site. 2 Occasionally frank bacterial keratitis can develop in a patient with RCE. Prolonged use of bandage contact lenses and topical steroids may predispose to bacterial corneal ulcers.
Pathogenesis

Pathological anatomy
Epithelial cells rest on the basement membrane. The normal adhesion of the corneal epithelium is maintained by structures known as adhesion complexes that are composed of hemidesmosomes, the lamina densa, and the lamina lucida of the basement membrane, anchoring fibrils, laminin, fibronectin, and type IV and VII collagen. 18 Numerous hemidesmosomes, a major constituent of the adhesion complex, are scattered on the basal side of the epithelial cells. Fine fibrils radiate from the hemidesmosomes into the basement membrane to join them together. Immediately after the removal of the corneal epithelium, the denuded stroma in the area of the epithelial defect is coated with fibronectin. This provides a platform for the adjacent viable epithelial cells to slide and migrate to cover the denuded area, and to proliferate to form the superficial cells. The basal cells form adhesion complexes with the underlying structure. The status of the BM at the time of initial injury could, however, influence the outcome of epithelial healing. Animal studies have shown that in epithelial injuries that involve removal of basement membranes, both the epithelial cell migration is delayed and it takes several weeks to become adherent to the underlying stroma. In contrast, with an intact BM, epithelial cells migrate onto the old BM and form adhesion complexes with subsequent stable epithelial adhesion in a few days.
Formation of defective junctional complexes following epithelial trauma has been observed in RCE. This observation of delayed adhesion of epithelial cells to underlying structures in certain types of injuries has become the basis of the investigation of the role of adhesion complexes in RCE. Reattachment of corneal epithelium following an initial abrasion appears to be faulty in RCE. 19, 20 In RCE, a variety of adhesion complex defects have been observed that include: reduplication of BM, loculation of connective tissues, absence of BM and hemidesmosomes. [20] [21] [22] The corneal epithelium may contain pale, swollen basal epithelial cells. Pseudocystic collections of cellular and amorphous debris are found within the epithelium and are thought to be due to entrapment of the epithelium by aberrant basement membrane. This feature may be due to the abnormal BM adhesion complexes leading to a periodic elevation of the epithelium and the accumulation of underlying debris before erosions occur. This leads to further formation of abnormal basement membrane and the cycle is self-perpetuating. It has been postulated that the epithelial separation is maximal at night time due to superficial epithelial oedema induced by hypotonicity of the tears due to lack of evaporation. 4 During sleep and lid closure, the surface tension of the tears may cause adherence between the lids and corneal epithelium. Opening the eye quickly gives a shearing force, which is greater than the force of adherence of the affected area of epithelium, and this may result in epithelial avulsion.
Role of meibomian gland dysfunction
Hope-Ross et al 6 observed a higher incidence of meibomian gland dysfunction in patients with RCE that are nontraumatic in origin. They observed that recurrent corneal erosion most commonly occurred at the inferior cornea, which has maximum contact with the tear film, rather than at the site of the injury. 6 Extensive meibomian gland dysfunction and acne rosacea was seen in patients with recalcitrant RCE. 6 This was in the form of inspissation of meibomian glands, reduced tear film break-up time, conjunctival injection, and accompanying facial cutaneous changes such as facial erythema, flushes, papules, and pustules. 6 Current evidence suggest the pathogenesis of impaired epithelial healing may be multifactorial. Staphylococcus epidermidis colonisation of the lid margins of acne rosacea patients have been well documented and this has a tendency to produce higher levels of bacterial lipases. 23 Lipases act upon wax and sterol esters from meibomian secretions, thus producing toxic free fatty acids. Increased fatty acid levels in tears have been postulated to interfere with the healing process, and subsequent formation of incompetent hemidesmosomes and junctional complexes that predispose to RCE. [24] [25] [26] Furthermore, elevated concentrations of interleukin-1 and MMP-9 in the tears have been found in acne rocacea-related meibomian gland dysfunction. 27 It therefore appears that meibomian gland inflammation affects the health of the corneal epithelium and these findings have therapeutic implications.
Role of MMP activity
Extracellular matrices provide the structural organisation to the cornea, and a key component of balanced wound healing involves extra-cellular matrix production and later, extra-cellular matrix degradation. In the cornea, the matrices include the stroma, Bowman's layer, Descemet's membrane, and the corneal epithelial basement membrane. The matrices undergo constant, slow remodelling during health and rapid remodelling during repair. [28] [29] [30] [31] [32] Corneal stromal remodelling during wound healing is mediated by a group of zinc containing degradative enzymes known as matrix metalloproteinases (MMPs). 33, 34 They appear in a precisely controlled sequence that suggest they perform specific roles. 33, 34 Corneal epithelial cells and fibroblasts are the sources of MMP. 33, 34 MMPs have been further implicated in cytokine activation, cleavage of cell adhesion molecules, and the creation of biologically active fragments. [35] [36] [37] During corneal wound-healing, matrix metalloproteinase-9, (MMP9) also known as gelatinase-B (Gel-B), up-regulation is responsible for degradation of damaged matrix during reepithelialisation, and for stromal remodelling after the epithelialisation is complete. 33, 34 Elevated levels of MMP-2 and MMP-9 have been observed in the tear fluid of patients with RCE. Higher than required levels of MMPs may dissolve old and newly forming BM. Mechanical adhesion provided by this malformed BM may be inadequate, thus resulting in RCE. 38, 39 
Differential diagnosis
Recurrent breakdown of corneal epithelium may be seen in self-inflicted corneal injury, exposure keratitis, recurrence of herpes simplex keratitis, neurotropic keratitis, roughening of the tarsal plate and foreign bodies under the tarsal plate. Presentations of recurrent corneal epithelial defects due to self-inflicted injury are rare but the authors have encountered two such patients; one female and the other male and both in their late thirties. Recurrent epithelial defects due to neurotropic keratitis are painless. Recurrent herpes simplex stromal keratitis may show an epithelial defect. Past history of dendritic ulceration, gradual onset of pain and deep stromal infiltration are features that may differentiate herpes related disorders from true recurrent corneal erosion.
Management of RCE
Regardless of the aetiology of RCE, the common fault is the basic incompetence of the basement membrane and its failure in stabilising epithelial adhesion to the underlying stroma. In addition to pain relief during the acute phase, the aim of the management of RCE is directed towards promoting re-epithelialisation and re-establishment of a competent basement membrane complex. The healed epithelium should remain intact for a sufficient length of time to allow the reformation of adhesion complexes. Various conservative non-surgical and more aggressive surgical modalities have been found to be therapeutically useful (Table 3 ).
In the majority of cases the acute episode can be successfully managed by patching, cycloplegia and topical antibiotic ointment. [2] [3] [4] 38 It is a common practice to use non-steroidal anti-inflammatory drops to relieve pain. Although these drops are effective analgesics, they should be administered cautiously as non-steroidal anti-inflammatory drops may delay epithelial healing. 40 Conservative treatment in the form of topical lubrication, hypertonic agents and soft bandage contact lenses are usual initial therapeutic choices to prevent recurrences. [2] [3] [4] 6, 12, 38 Lubrication is the mainstay of treatment, which can be in the form of drops, gels or ointment. The bedtime application of ointment prevents desiccation of the epithelium overnight and protects the epithelium from the shearing action of the eyelid on wakening. Hypertonic sodium chloride, either drops or ointment, has been advocated to promote epithelial adherence by decreasing epithelial oedema, which tends to occur overnight when the lids are shut. Most patients do well with conservative treatments 12 which are effective in relieving the pain and initial healing, but do not appear to reduce the recurrence rate of RCE 2 and in fact may worsen the prognosis. 11 Further studies are necessary to evaluate the efficacy of prophylactic night time ointment. Patients commonly wake with their eyes closed and are fearful of opening them. It is our experience that advice to move the eyes slowly to the left and right before opening them, anecdotally reduces the frequency of recurrent erosions. The rationale is that the cornea is separated from the tarsal plate slowly prior to rapid eyelid opening.
Non invasive management of recalcitrant cases RCE resistant to simple measures requires more elaborate approaches. Non invasive options include the use of long term contact lenses, autologous serum eye drops, botulinum toxin induced ptosis, and the administration of oral MMP inhibitors.
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General measures and care of associated lid pathology Meibomian gland dysfunction has a profound effect on the health of the ocular surface. Chronic blepharitis is associated with the release of bacterial lipases, fatty acids, interleukins and MMPs from the inflamed meibomian glands that may impair corneal epithelial healing. Previous studies have shown that RCE are associated with chronic blepharitis and acne rosacea. 6, 42 Appropriate therapeutic measures such as lid hygiene and oral tetracyclines are useful in reducing episodes of RCE. 6, 42 Tetracylines not only reduce the free fatty acids in the tear pool of patients with meibomian gland dysfunction, but also reduce the number of colony forming units cultured from the eyelids. Oral tetracyclines, in low doses. are effective in controlling meibomian gland dysfunction and need to be continued at least for three months. Blepharitis associated with acne rosacea may require treatment for prolonged lengths of time, as discontinuation of tetracyclines is commonly associated with recurrences of rosacea.
Inhibitors of MMP
A combination of oral doxycycline and topical steroids can be used successfully in recalcitrant cases of RCE. 43 This approach is based on biochemical evidence implicating increased levels of MMP activity in the pathogenesis of this condition. 31, 38, 44 Doxycycline has been shown to produce a 70% decrease in the activity of metalloproteinase-9 in unstimulated human corneal epithelial cultures. 45 Both topical steroids and oral doxycycline were reported to decrease the frequency of RCE in one randomised controlled clinical trial. 42 The corneal epithelium produces gelatinase B (metalloproteinase À9) an enzyme that plays a role in the wound healing process. 44, 46 Gelatinase B has been detected in the corneal basal epithelial cells at the edges of non-healing corneal ulcers in humans. This suggests 31 Garrana et al reported that the expression of metalloproteinase-2 was upregulated in corneas with recurrent erosions. These findings suggest that MMPs may be responsible for the breakdown of the anchoring molecules in the basement membrane during epithelial healing, and this is the basis for the use of inhibitors of MMP in the treatment of RCE. 43 The therapeutic effects of doxycycline and corticosteroids may also be due to their antiinflammatory properties. Doxycycline decreases the synthesis and bioactivity of interleukin-1 produced by cultured human epithelial cells. 47 Thus, a combination of medications that inhibits MMP-9 has the potential to produce rapid resolution and prevents further recurrence in cases with RCE. 43 Although steroids are effective in treating RCE they should be used cautiously, particularly in patients with a thin corneal stroma as they may inhibit collagen synthesis.
Autologous serum
Autologous serum supplies the eye surface with several substances that are essential for recovery of the injured epithelium such as vitamin A, epidermal growth factor, transforming growth factor, fibronectin, and many other cytokines. Autologous serum has a composition similar to that of tears and provides the ocular surface with the basic nutrients for epithelial renewal that are lacking in commercial preparations. Fibronectin promotes epithelial cell migration and anchorage. 48 The oil present in the serum may act as a substitute for the lipid components produced by meibomian glands, and prealbumen contributes to the stability of the tear film. 49 The treatment is safe with no secondary effects. 50 However, further studies are needed on larger series and with longer follow-up to determine the ideal duration of treatment and the mechanism of action.
Therapeutic bandage contact lenses
A therapeutic bandage contact lens may be placed if the epithelial defect is large. Therapeutic contact lenses promote epithelial migration, basement membrane regeneration, and epithelial-stromal adhesion by protecting the ocular surface from the sweeping action of the upper lid. 51 Collagen corneal bandage lenses have also been reported to accelerate re-epithelialisation and to prevent relapses of recurrent erosions. 52, 53 However, long-term continuous use of contact lenses may predispose to bacterial keratitis, vascularisation, and scarring. 54, 55 Therapeutic contact lenses should be used under close supervision in recurrent corneal erosion and, to be effective, a bandage contact lens should be worn for a minimum of 6 weeks to several months. 2 This may enable the formation of stable junctional complexes. Long-term wear is, however, associated with corneal infection and neovascularisation. 2 A prospective trial of contact lenses vs lubrication in patients with RCE found that contact lenses were inferior and showed a higher complication rate. 16 The authors have a similar experience, and we generally do not use bandage contact lenses for more than a week in the presence of an epithelial defect.
Surgical management of RCE
In patients, who do not respond to medical treatment, surgical therapy can be very successful. Diamond burr polishing of Bowman's membrane, anterior stromal puncture with an insulin needle or by means of Neodymium : aluminum-yttrium-garnet (YAG) laser, and excimer laser photo-therapeutic keratectomy(PTK) are the surgical modalities reported to be most successful when medical treatments fail. Given the relatively high success rate and low risk of surgical treatment for RCE, medical treatment should not be prolonged when unsuccessful. Although there are no clear guidelines for surgical indication, significant erosions more than once a month warrant consideration for surgical intervention. 56 Debridement of loose epithelium Debridement of loose epithelium is believed to promote healing from the healthy edge. Epithelial debridement may be performed under topical anaesthesia with the slit-lamp biomicroscope. The loosely adherent epithelium may be removed either with a sterile sponge or a number 15 BP blade. Topical antibiotics are necessary to prevent secondary infection. A therapeutic bandage contact lens may be placed if the epithelial defect is large. Cyclopentolate drops and oral analgesics may be prescribed to relieve pain. However, there is no current evidence to suggest that epithelial debridement alone can reduce the recurrences of epithelial erosions. 2, 3, 12 We believe that epithelial debridement is indicated only when the epithelium is loose and freely mobile on the underlying stroma. The underlying stroma should not be disturbed to avoid scarring.
Anterior stromal puncture
McLean et al 57 proposed the use of anterior stromal puncture in RCE after an interesting observation that recurrent corneal erosion is not seen after corneal injury with deeply embedded foreign bodies or deep stromal laceration. The therapeutic aim of anterior stromal puncture is to enhance the epithelial adhesion to the basement membrane by scar formation and success rates of up to 80% have been reported in recalcitrant RCE. 14, 57, 58 It is generally accepted that these procedures may involve reactive fibrosis or production of extra cellular matrix proteins responsible for proper adhesion of the epithelium to its substrate. 59 The procedure is performed with topical anaesthesia with a bent 25 gauge (0.1-0.3 mm turned end) needle attached to a 3 ml syringe. Multiple superficial punctures are placed approximately 0.5 mm apart in the affected area. Treatment is extended at least 1 mm into the normal epithelium bordering the lesion. Fluorescein can be instilled topically before the treatment to define the affected area better. Immediately after the treatment, a contact lens is placed and antibiotics are given posttreatment for 1 week. 12 Anterior stromal puncture can also be performed with a short pulsed Nd : YAG laser. 60, 61 Energy levels between 1.8 and 2.2 mJ can be used to treat erosions. The advantage of laser puncture over needle puncture is that the laser puncture is more reproducible, shallow, and translucent. Anterior stromal puncture may result in subepithelial scars and its use is not advisable if the erosion encroaches upon the visual axis as the resulting scar may result in glare and a reduction in the visual acuity. Photo-therapeutic keratectomy Excimer laser, with its facility to ablate corneal tissue with extreme precision and minimal adjacent tissue damage has been a useful tool in the management of RCE. Studies have shown that partial ablation of Bowman's layer gives a smooth bed for migrating epithelium, and results in new hemidesmosomal adhesional complexes. 18, 62, 63 Histological studies of excimer laser ablated monkey corneas have shown increased amounts of type 7 collagen, a major component of anchoring fibrils and hemidesmosomes along the basement membrane of the basal epithelial cells. 63, 64 Human studies have shown that the basal epithelial layer forms hemidesmosomes and new basement membrane within 2 weeks of photoablation. 65 In addition, undulations are most noticeable on the edge of the ablated zone, which would greatly increase the surface area of attachment. Thus, new hemidesmosomes, anchoring fibrils, and epithelial basement membrane are synthesized rapidly and in increasing amounts after PRK, and problems with epithelial instability would therefore not be expected. In the treatment of recalcitrant erosions, it is possible that both the removal of the abnormal epithelium and the basement membrane are important for a successful outcome. The former results in regeneration of the basal epithelial cells and the latter will allow the epithelium to come into direct contact with stromal elements, stimulating the synthesis of new anchoring fibrils and hemidesmosomes. 66 Excimer laser PTK is now a well-established treatment modality for RCE and is being used both safely and effectively. [66] [67] [68] [69] Ablation of the cornea with the excimer laser allows removal of corneal tissue with extreme precision and without damage to the nonirradiated area. The second advantage is that large beam cross-sections, typically several millimeters in diameter, allow simultaneous treatment of wider areas. Although there are slight variations in techniques between centres, the aim of this approach is to remove a 6.0 mm thick anterior stromal layer from Bowman's layer. Briefly, the defective epithelium is removed with a cellulose sponge and a 7.0-8.0 mm diameter flat beam is programmed to ablate a 6.0 mm layer of the anterior stroma. The eye is usually padded after cycloplegic and antibiotic drops. A minority of patients may require bandage contact lenses during the postoperative follow-up. 70 PTK is an effective treatment for RCE, with a success rate between 60 and 100%. 67, 71 This variability in success rate may be due to the initial indication for PTK in the various studies carried out. PTK carries a higher rate of success for RCE following trauma than corneal dystrophies. 67, 71 Post-operative pain is a disadvantage of PTK as the central corneal epithelium is removed exposing the underlying nerve plexus. Ardjomand et al have introduced a modification to overcome this problem. Instead of removing the epithelium completely they peel the epithelium with an epipeeler, the epithelium is left at a 12 O'clock hinge, and then PTK is carried out. At the end of this procedure, the epithelium is placed back. This technical modification has the advantage of fast postoperative visual rehabilitation and reduced postoperative pain. The main undesirable effect of PTK is that central flattening of the cornea induces a hyperopic shift, which is related to the ablation depth. However with modern PTK, profiles inducing refractive changes appear less likely, compared to those with older broader beam lasers. 72 PTK can also be combined with PRK in appropriate cases. 70 Although very effective, PTK requires an expensive excimer laser and only a few NHS centres have this facility in the UK.
Diamond burr superficial keratectomy
Epithelial debridement and diamond burr polishing of Bowman's membrane has rarely been reported in the treatment of RCE. Animal experiments show that diamond burr superficial keratectomy (DB) leads to faster re-epithelialisation and a smoother corneal surface compared to surgical blade keratectomy. In DB treatment, loose sheets of epithelium are debrided from the cornea using a combination of peeling with forceps and gentle wiping with an iris spatula and a cellulose sponge. In cases where the erosion is close to or within the visual axis, the entire corneal surface is polished with a fine diamond burr, using multiple, even, circular movements to prevent irregular topography. In order to ensure uncomplicated re-epithelialisation, a narrow 1-2 mm rim of the corneal epithelium is left intact in the circumferential periphery. Treatment is limited to no deeper than the anterior part of Bowman's layer. A bandage contact lens is inserted and antibiotics can be given following the treatment. DB treatment offers an alternative method of treating RCE and the results are comparable to PTK. 73 In a series of 13 cases reported by Buxton and Fox, 74 only one patient failed to achieve notable improvement. Although a subtle granular epithelial/subepithelial deposit was noticed in all cases, the haze cleared in 6-12 weeks. In a small series involving 42 eyes with RCE and anterior basement membrane dystrophy, the tendency to develop haze was found to be less compared to PTK. 56 DB treatment is a simple, less expensive outpatient procedure with a smaller incidence of haze and fewer recurrences compared to PTK. Futhermore, DB can be used to treat RCE involving the visual axis. Retreatments are simple and DB is more widely available than PTK. Long-term studies are, however, required to confirm the efficacy of DB treatment in the management of RCE.
Conclusion
RCE are common and may lead to visual disability. The majority of cases will respond to simple, conservative medical treatment. However, a minority of patients will require surgical intervention. As has been discussed, various therapeutic approaches have been advocated to manage this condition. The ultimate method of intervention should be based on the nature and degree of the pathology, the expertise of the attending physician, and the facilities that are available.
